We have assessed the long-term results of 292 cemented total hip replacements which were performed for developmental dysplasia of the hip in 206 patients. The mean age of the patients at operation was 42.6 years (15.9 to 79.5) and most (202) were women. The severity of dysplasia was graded according to both the Crowe and the Hartofilakidis classifications. A 22.25-mm Charnley head was always used and the acetabular components were inserted with cement into the true acetabulum. Bone grafting of the acetabulum, using the patient's own femoral head, was performed on 48 occasions.
We have assessed the long-term results of 292 cemented total hip replacements which were performed for developmental dysplasia of the hip in 206 patients. The mean age of the patients at operation was 42.6 years (15.9 to 79.5) and most (202) were women. The severity of dysplasia was graded according to both the Crowe and the Hartofilakidis classifications. A 22.25-mm Charnley head was always used and the acetabular components were inserted with cement into the true acetabulum. Bone grafting of the acetabulum, using the patient's own femoral head, was performed on 48 occasions.
At a mean follow-up of 15.7 years (2.2 to 31.2) the overall survival of the acetabular component was 78%. The main cause of revision was aseptic loosening (88.3%). The rate of survival at 20 years based on the Hartofilakidis classification was 76% in the dysplastic, 55% in the low-dislocation and 12% in the high-dislocation groups and on the Crowe classification, 72.7% for group I, 70.7% for group II, 36.7% for group III and 15.6% for group IV. There was no statistical correlation between bone grafting of the acetabulum and survival of the acetabular component. This study has shown a higher rate of failure of the acetabular component with increasing severity of hip dysplasia.
Total hip replacement (THR) is an effective operation for relieving pain and improving function in an osteoarthritic hip. 1 It is now undertaken in increasing numbers in relatively young patients for a wide range of conditions. Charnley and Feagin 2 suggested that untreated congenital dislocation of the hip was a contraindication to THR because of the lack of acetabular bone stock. They also expressed concern about the higher rate of aseptic loosening of the acetabular component in subluxed hips. The younger age of the patients and the technical problems of the procedure may result in higher morbidity and an inferior outcome when compared with THR performed for osteoarthritis. 3 Different classification systems have been used to assess acetabular dysplasia. The most common is that of Crowe, Mani and Ranawat 4 which was originally described in a study of THR with added superolateral bone grafting in patients with congenital dislocation of the hip. The authors reported good clinical results in severely dysplastic and dislocated hips, although this was a short-term study with a mean follow-up of 47 months. The classification of Hartofilakidis, Stamos and Ioannidis 5 divides developmental dysplasia of the hip into three categories of dysplasia, low dislocation and high dislocation based upon containment of the femoral head in either the true or the false acetabulum.
Previous studies have shown higher rates of premature failure of cemented acetabular components in severely dysplastic and dislocated hips. 6, 7 However, they did not specifically address the correlation between the degree of dysplasia and acetabular loosening. We have attempted to correlate the survival of cemented acetabular components with the degree of acetabular dysplasia.
Patients and Methods
Between 1969 and 1998, 292 THRs were carried out at our unit on 206 patients. There were 202 women and four men with a mean age at operation of 42.6 years (15.9 to 79.5). There were 49 right, 71 left and 86 bilateral THRs. Three surgeons (John Charnley, John Murphy and Kevin Harding) undertook these procedures.
Of the 292 procedures, 262 were carried out using a transtrochanteric approach and the remaining 30 by a direct lateral approach. Bone grafting of the acetabulum with the patient's own femoral head was performed in 48 operations. All the bone grafts were fixed to the acetabulum by either cancellous screws or Kirschner wires. The main indication for grafting was failure to achieve adequate superior bony cover for the acetabular component. Radiological union was assessed by the criteria of Conn et al. 8 We attempted to place all the cups in the true acetabulum. In 152 hips, a Charnley monobloc stem (Thackray, Leeds, UK), of either a three-quarter neck or a straight narrow variety, was used. In the remaining hips, 76 Charnley CDH (Thackray), and 64 Wrightington Frusto-Conical (Howmedica, Clare, Ireland) stems were used. A 22.25 mm femoral head was always used. A small Charnley cup was employed in 169 hips, offset-bore cups in 70 and metal-backed Wrightington FC cups in the remaining 53.
Of the 292 THRs, 204 hips had not had a previous operation. Of the remainder, 46 hips had had a proximal femoral osteotomy, ten a shelf procedure, 12 a manipulation, nine an open reduction and five a Chiari procedure. Six hips had undergone more than one previous operation.
All the radiographs were available for assessment. The extent of the acetabular deficiency was measured radiologically using the Crowe et al 4 and Hartofilakidis et al 5 classifications (Tables I and II) . Acetabular loosening was assessed using the criteria of Hodgkinson, Shelley and Wroblewski. 9 With this system, cups which had either complete radiolucency at the cement-bone interface, or those which had migrated, were considered to be radiologically loose. Detailed radiological assessment of the femoral stem was not performed as part of the study. Statistical analysis. This was by using SPSS for Windows (SPSS, Chicago, Illinois). The Kaplan-Meier method was used to calculate the survival of the acetabular component with revision as the end-point.
Survivorship analysis was also assessed for each of the Crowe and the Hartofilakidis classifications.
Results
The mean radiological follow-up was 15.7 years (2.2 to 31.2). Based upon the Crowe classification, there were 161 group-I hips, 78 group-II, 27 group-III and 26 group-IV hips. Based upon the Hartofilakidis classification, there were 215 dysplastic hips and 55 hips with a low and 22 with a high dislocation. The groups in both classifications were well matched for gender, age, length of follow-up and the type of prosthesis used. The direct lateral approach was used predominantly in the lower grades of dysplasia and the transtrochanteric approach in all grades.
There were 19 documented local complications related to the initial procedure. These included six deep infections, five cases of permanent palsy of the sciatic nerve, four intraoperative femoral fractures, two recurrent dislocations and two peri-prosthetic fractures. There were 15 cases of trochanteric nonunion, five of which had more than 1 cm of separation.
Sixty-eight hips were revised for aseptic loosening, 53 of which had required an isolated revision of the acetabular Dysplastic hip Femoral head contained in the true acetabulum Low dislocation Femoral head lies in the false acetabulum, which is in continuity with the true acetabulum High dislocation Femoral head lies in the false acetabulum, which is separated from the true acetabulum by a bony bridge component (Fig. 1) . Six femoral stems were also revised, two for aseptic loosening, three for fracture of the stem and one for a periprosthetic fracture. A further three hips were revised, two for infection and one for recurrent dislocation. Another 16 cups were thought to show radiological failure. Using the Hartofilakidis classification, bone grafting of the acetabulum was undertaken for 21 hips in the dysplastic group, 19 hips in the low-dislocation group and eight hips in the high-dislocation group. Based upon the Crowe classification bone grafting was performed in 15 group-I, 14 group-II, nine group-III and ten group-IV hips. By the latest follow-up, of the 48 cups inserted with bone grafting 11 (22.9%) had been revised. This compared with 57 revised cups (23.4%) in the 244 hips which had been inserted without bone grafting. Radiological union was seen in 37 grafts by the time of the latest follow-up. In this group, only four cups had been revised as compared with seven of 11 cups in the group without any such evidence of union.
Survivorship analysis, using acetabular revision for aseptic loosening as the end-point, gave a survival rate of 90.6% (95% confidence interval (CI), 86.8 to 94.4 at ten years, falling to 63% (95% CI, 53.9 to 72) at 20 years (Table III, 
Discussion
THR for osteoarthritis which is secondary to developmental dysplasia of the hip poses technical problems. On the acetabular side this is because of an inability to achieve adequate bony cover for the cup, especially anteriorly and superiorly, as the wing of the ilium becomes progressively thinner. One reason for a higher rate of failure associated with a cemented acetabular component may be inadequate medialisation and lack of superolateral cover created by the thickness of the cement mantle. [10] [11] [12] Various attempts have been made to place cemented acetabular components more medially and thereby to obtain adequate cover. Dunn and Hess 13 described a controlled fracture of the medial wall, supplemented with autogenous bone graft. Their shortterm clinical results at a mean follow-up of 22 months were satisfactory. Longer follow-up, using cotyloplasty, a technique which involves a controlled fracture of the medial wall of the acetabulum with a deepening reamer, has shown a survival rate for the acetabular component of 100% at five years and of 93.2% at ten years.
14 In our series, attempts were made to seat all the cups within the true acetabulum but without a deliberate attempt at medialisation. In the higher grades of dysplasia some sockets thus displayed inadequate superolateral cover, which may have contributed to their higher rate of failure.
One way to obtain adequate bony cover is by the use of uncemented cups. These can be seated more medially which reduces the need for bone grafting. Dorr et al 15 reported good results with their medial protrusio technique in which an uncemented, porous-coated, hemispherical cup is inserted as far medially as possible by reaming the medial wall, but still leaving the periosteum intact. At a mean of seven years follow-up they reported no acetabular migration or revisions. Huo et al 16 reported similar results with the use of an uncemented THR in dysplastic hips at a mean follow-up of 63 months. They found a reduced need for acetabular grafting and no revisions in their series. Anderson and Harris, 17 by using a small, porous-coated acetabular component, showed no evidence of loosening, migration of the acetabular component, pelvic osteolysis or a continuous radiolucent line at a mean follow-up of 83 months. However, most series which have used uncemented acetabular components had a relatively short-term followup and the long-term outcome of their graft augmentation is still unknown.
The superolateral acetabular bone stock can be augmented by bone-grafting. However, THRs in which autograft has been used for this have shown higher longterm rates of failure, despite satisfactory short-term results, when cemented acetabular components have been used. Harris, Crothers and Oh 18 found good short-term results using a bulk structural autograft to augment the superolateral cover of the acetabulum although an increasing number of sockets failed in time. 19, 20 After 16 years, 60% of 55 acetabular components for which bulk autogenous graft from the femoral head had been used were loose. 12 Other series have demonstrated a rate of union of 100% with autogenous bone grafting to the acetabulum using the femoral head of the patient. [21] [22] [23] Although our study demonstrates no difference in prosthetic survival with the use of acetabular bone graft there is clearly a higher incidence of revision when there is nonunion of the graft.
Earlier studies have also examined the effect of the Crowe classification on the outcome of THR. Cameron, Botsford and Park 24 prospectively assessed 71 patients with dysplastic hips and 22 control patients in order to determine the influence of the Crowe classification on the clinical, radiological and functional outcome. Although both components were uncemented, there was no difference in radiological outcome between the various groups. Numair et al 7 found generally satisfactory results but noted higher rates of revision of the socket in completely dislocated, as compared with dysplastic hips. They did not grade the severity of dysplasia individually and their mean length of follow-up was approximately ten years. We have shown that there is a Survival curve for the cup based upon the classification of Crowe et al. 4 Survival curve for the cup based upon the classification of Hartofilakidis et al.
THE JOURNAL OF BONE AND JOINT SURGERY higher rate of failure of the acetabular component as the severity of the dysplasia increases, most failures occurring between ten and 20 years after operation. This emphasises the need for prolonged follow-up in these patients. THR in developmental dysplasia of the hip remains a difficult problem. There is a high rate of failure of cemented cups after ten years, which increases with the severity of dysplasia. The results after insertion of cemented sockets in dysplastic and Crowe group-I hips compare favourably with those for THR undertaken for osteoarthritis. However, the failure of the acetabular component between ten and 20 years, especially for the Crowe groups III and IV, remains a cause for concern. Until long-term results are available to demonstrate comparable or improved survival with uncemented sockets, we feel justified in continuing to use cemented cups, as long as the cup can be adequately supported by bone. We recommend medialisation of the socket in order to improve its bony cover, and the continued use of a structural bone graft when necessary.
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